
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD044460

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; OCT 1954. Other
requests shall be referred to Picatinny
Arsenal, Dover, NJ. Document partially
illegible.

AGC D/A ltr 27 Dec 1974 ; AGC D/A ltr 27 Dec
1974



THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200.20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE, .-' I 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED. 



UNCLASSIFIED 

AD 

CLASSIFSCATION CHANGED 
TO:UNCLASSIFIEP_ 
FROM:CONFIDENTIAL_. 
AUTHORITY: 

UNCLASSIFIED 

y 



firmeil Services Technical Information flgenrr 
Becsuse of our limited supply, you. are requested to return this copy WHEÄ IT HAS SERVED    * * 
YOUR PURPOSE so that it may be made available to other requesters.   Your cooperation ,. 
will to appreciated. jQ| 

N0TIC3 
ÄRTÜI 
GOVEF 
NOREii 
COVER 
SAID D: 
IMPUC 
PERSO' 
USE OR 

WHEN OC.. ERKMEKT OR OTHER DRAWDfOB, ^f CI^TIONS C^HER DAfA 
to FOR ANY PURPOBE OTHER THAN IN CO^<^ON WI^^ 
JMENT PRCX UREMENT OPERATION, THE U. S. CKWERNMENT THWJE^ »CURS 
roNsin.LrrY. NOR ANY OBUGATION WHATSOEVER,^NDJM FACT TM TM 
UM MAY kAVE FORMULATED. FURNISHER «KP«^^^^^ THE 

AWINGS. SPECinC ATIONS, OR OTHER DATA B NOT TO BE ^^RD^^ j^^j, 
ATION OR OTHERWISE AS IN ANY MANNER "CENOTGTHE^^ER OR ^ OTHER 
I OR CORPORATION   OR CONVEYING ANY WOTTO « «"■•""iStoMWrn^' 
SELL ANY PAFENTED INVENTION THATTÄAY IN ANY WAY BE RELATED THERETO. 

Reproduced    by 

DOCUMENT SERVIiaE CEMTER 

'■ 

n^^^^äß^rs^. 
a^sj ^T^fc**, 



Best 
Available 

Copy 



I ,<.,_ 

ife        ■       ■ ^ ...y.|; &H ; WM '\''." ; ■ ■■■/ ■■■ Pi 1^ 

■  ■- 

- .- • 

; -A 

COfriF-JDENTrAk 

reCHNICÄU REPORT 2Ö79   , 

# 

aw 

>   ,!- 

THE INFLUENCE 6l? THE SURFACE 
I 

CONTOUR OF AN EXPLODING BOPY 

" 

i 

■ ■• mm 
K\\)        This document contain* information »ffecting the nation«! This document contains information affecting UM nation«! 

defense of the United States within the meaning of the 
Espionage Laws, Tille 18, Ü. S. C. Sections 798 said 794. ' - 
The transmission or the revelation of its contents in any 
manner to an unauthorised person is prohibited by law. - .  ^ „. ) 

: 

ei_TMAN AMMUNITION LABORATORIES 

CONFIDENTIAL 
54AA 

- ;    .     -'    ■ ■ 

.■■.'■■' , ■ .■■■.■■ 

65047 mi si iss* I 
C-, ■' 

m:^r-/,iP 

ttm m® 



. 

CONFIDENTIAL 

THE  IMFLT7BNCE OF TSt SURFACE COMTOUR 

QF AH CTPT-nnTNG BODY ON FRAGMENT  DISTRlBUTieH 

by 

TBLllArd E.  Benson 

I . 
October 195U 

Pioatinny Aroenal 

Dover, N. J« 

N 

Technical Report 2075 

Ordnance Project No TBl-000i+ 

Dept of the Army Project No 572-01-001+ 

Approved 

Col,  Ord Corps 
Direct«: 
Samuel Feltman 
ABumitiition Lahoratoriaa 

54AA      65047 CONFIDENTIAL 

■ ..,.^,. .■.-... ,.„-lV. :''...,&...■ 

■   "'7 

1 

' 
' 

- 



r ■ 
i - ■ 

i 

CONFIDENTIAL 

TABLE OF C0N1ENTS 

Abstract and Conclusion 

Symbols 

Introduction 

General Solution for Axis Perpendicular to 
Target Surface 

Simplification of General Solution 

Exact Solution for the Surface that Produces 
Constant Fragment Density 

Fragment Distribution for a Spherical Missile 

General Solution for Axis Inclined to Target Surface 

Appendix A - Surface that Produces Optimum Lethal 
Area Under Certain Assumptions 

Appendix B - Application of Analysis to an Aerial 
Exploding Body 

Appendix C - Comparison of a Sphere and the Kent- 
Hitchcock Contour for Lethal Area 

Page 

1 

2 

3 

5 

8 

8 

11 

12 

18 

22 

25 

NOTICE:   THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE 

NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING 

OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794. 

I THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN 

v.. ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.! 
Ill'IIIIWIIHIHIIIIIilllli     -iniiiii —n I MlTlli||lWllgWI|||IMigl,||l,|||Bit|||)|n)i|||ii|i.ai||||BMli|i||ipiM  mini ■■imwi 

CONFIDENTIAL 

.. .s.j--.-.^BJ,u«-'--•■..., ,«-, .jrr .-j   -.--.,;!.., ■yaWV'v    T® . ■■■v.i--  ■>   v.. ü!^..^,! MMi     , ...■,,■ I«-«.-.« it«; V'..."^- '(.w«U       taf" 

■    I 



■ÄS*'. 

CONFIDENTIAL 

OBJECT 

To determine the influaaoe ef the surface oantour of a» 
exploding body on fragment distribution. 

t •■ 

ABSTRACT 

Tha effect of the surface ocmtour of an aerial eocploding body 
upon fragment distribution is derived for a surface of revolution 
of arbitrary shape* 

CONCLUSION 

The density of the fragment distribution at any positi« on a 
target area can be determined for any given symmetrical surface 
contour of a missile. Generally, this distribution -will be a vari- 

able. 

The prlaary interest in desiring an analytical expression for 
fragment distribution is to determine its effect on lethal area. 
Naturally, the most desirable contour would be that which gives the 
maximum lethal area for a given number of fragments. 

From the equations derived in this report, it is possible to 
determine the fragment distribution of a missile, given ihe  equation 
or coordinates of the missile surface. If the fragnent distribution 
is known, -üie lethal area for -Öie particular tactical application 
intended for the missile can be calculated by using the information 
furnished in -rarious Ballistic Research Laboratories (BRL) reports« 
In many cases, the computations could be set up in tabular form, so 
that a computer could carry out the calculations without understand- 
ing the physics of the problem. 
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SYMBOLS 

I   . 

i 

x - Variable distaooe along x axis 
y - Variable distance alcng y axis 
r - Distance from origin to element ds 
OC- Angle between r and the y axis 
b - Distance from x axis to the center of the radius of curvature 

for any element ds 
p- Radius of curvature for fjiy element ds 
& - Angle between (O and the y axis 
^- Distance from x axis to the lowest point of the body 
h - Vertical distance from the lowest point of the body to the 

target surface T 
a - A /h 
ds- An infinitesimal arc leng-äi 
d - Distance from the y axis to the x-intercept of the Curve s 
(\ - Distance from the y axis to any arbitrary point en the 

target surface 
(-ay' / yy» / x) 

D - Diameter of the desired target area 
OP- Distance from the center of cur-vature of any element ds to 

point a on -üie target surface (see Fig 1) 
As- Surface area of the exploding body 
A - Projected area of the fragment 

/♦» - Humber of fragments per unit of the exploding body 
K - Density of the fragment distribution - number of fragments 

per unit area impinging on the target surface 
W - Weight of a fragment 

yl- dy/dx 

Yll_ dSy/djS 

B - (1 / (y1)2 - ay11 / yy11) 

R - Distances fragment travels from missile surface to target 
T - Target surface 

2 
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IMTRODTTOTION 

1.    The expeoted number of fragment hits on a target depends 
m the fragment density at the target and the projected area offered 
by the target.    Wiether the target is inoapaoitated or »J*J«***" 
« the mass, velocity, and shape of the fragmmts, in J^^S *• 
the number and looation of hits.    This report will be concerned with 
only oae of these factors,  the fragment distribution.    Since the 
most Unportant factor in controlling fragment distribution is the 
surface contour of the exploding body, the analytical approach to 
the effect of the surface contour is considered,  restricted by the 
following assumptions: 

a. A constant number of fragments per unit surface 
area of the exploding body» 

b. The fragments leave normal to ttie surface of 
the body 

c. The -relocities of the fragments are of such a 
high value that the influence of gravity 
can be neglected 

d. The exploding body is considered stationary; 
that is, the body velocity is considered 
to be zero. 

In order to obtain a simple mathematical solution to the problem, 
certain assumptions must be made. It is believed that the above 

assumptions are justifiable» 

2. The first assumption, of course, can be controlled in the 

fabrication of the projectile» 

3» The second ascumption is certainly the most debatable. 
The location of the point of detonation will undoubtedly affect the 
normal radiation to some extent. If this influence is constant for 
a given design, however, as it should be, the fragment distribution, 
considering normal departure, should be susceptible to mathematical 
correction. All other influences on normal departure from a static 
body should be of a random nature and hence should fluctuate about 

the normal as an average» 

I4.. The third assumption restricts the fragment paths to 

straight lines. 
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5. The fourth assumption is related to the second assumption 
in that any velocity of the body will affect the normal radiation 
of the fragments.    In many oases, however, the velocity of the 
body will have little effect and can be neglected. 

6. The nathematics of this paper were ocnpleted before the 
author realized that parts of it paralleled analytical work accom- 
plished at the Ballistic Research Laboratories.    The surface dis- 
cussed in paragraphs 13-16 of this report is known as the Kent- 
TTitchcook contour.* 

7. In addition, H. K. Weiss ** of the Ballistic Research Labo- 
ratories has derived the optimum contour for certain taotxcal  sit- 
uations. 

■ r 

*    Kent, R. H.,  "The Shape of a fragmentation Bomb 
to Produce TJaiform Fragment Densities 
on -the Ground," BRL Report No.  762 

** Weiss, Herbert K., "Optimum Angular Fragment Dis- 
tributions for Air-Ground Warheads," 
BRL Report 829 
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DISCUSSION OF RESULTS 

I" 

General Solution for A^ls Perpendicular to Target Surface 

8«     General  solution: 

Figure 

Consider that a missile of arbitrary shape,  symmetrical about its 
axis,  is  detonated -with its axis perpendicular to a plane target 
surface  (see Fig 1).    The density of the fragment distribution on 
the target surface T for any position X] ' 3 givai by 

K -yidAs 

dAr| 
(1) 

■where dAa m 2Tfxds 

and dArj - 2'^ndr{ 

Substituting Equations 2 and 3 i*1 Equation 1 gives 

(2) 

(3) 
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»»  »^^ An   as functions of x, y» 
9. it now remains to find ds, q . and dq as fun 

y1 and y11 

From Figure 1, it can he seen that 

q. (R/p) 8ine-(esin«-r sinot) 

and that (R /p) =   |oW 

Substituting Equation 6 in Equation ^ there results 

n= (a-h) tan ö - p sin^ r sinOC 

Ic is also noted that.      b s r oosOC - (Ocos © 

Substituting Equation 8 in Equation 1. there results 

^ . a tan « - r cosOC tan 6 / r  sinOC 

(5) 

(6) 

(7) 

(6) 

(9) 

,    n   « 4-h. exTa-ession for the radius of curvature 
From elementary calculus *h« «f'JJ bT 
in rectangular coordinates is given by 

e = - (i £ #&3/* 
(10) 

Also from Figure 1. it is seen that 

Therefore# 

-dy * tan   © 

Sin * " '(WlyW/^ 

(ID 

(12) 

10.    By using Equations 10,  11, and 12. and since y = r cos*. 
•   **■       wmin+ion 9 can he -writter  as and x a r  sxnOC ,    Equation y 

n ■ - ay1 / yy1 / x (13) 
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The following shows how    dq   varies with x, y and jr 

or drj   cda 
ey 

(14) 

(15) 

Considering Equation 13, Equation 15 becomes 

dp ■ (1 / (y1)2 - ayil / yy11) dx (16) 

Furthermore, ds can be expressed as 

ds . (1 / (y1)2)1/2 ^ (i7) 

Finally, substituting Equations 13, 16, and 17 in Equation U. 

there results  K .y^x (1 / (yl)2)^2     ^     (18) 
t* - (a-y) yij B? (y1^ - (a-y)yi^ 

From Equations 15 and 18, the density of the fragment distribution 
on target T can be obtained at any position n for any given sur- 
face contour of the exploding body. 

11« The expression for the fragment distribution (Kn) normal 
to its path R at point p can be expressed simply as: 

Kn =       K 
cos 6 

or since cos Q s 
n / (yi)2)v& 

and oonsidering Equation 16 

Kh 

(19) 

(20) 

=  >?x (l/(yl)g)   
(-ayl   /  yyl   / X)    (1   /   (yl)2    -ayll   /   yyll) (21) 

Töiereas   n  •    -ay^ / yy^- / x (22) 
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Simplifioatioa of Seneral Soluticm 

therefor© r) « (K; sin « • o.  tan « B' ayt 

and 
an s V^dac 

(23) 

(2U) 

(25) 

As a res'ilt. Equation 1^ can be written 

= ^(i/(yl)2)l/2 
y y 

z 
a-,Xir 

also      Kn     B />lx(l / fvl)2) 

Where in both cases n -ayl 

(26) 

(27) 

(28) 

This solution would no Icne-er be •ttis-MM.vi« <•« 
*ioh e —^ ^ , ss a

b: fj^Vo^rsarfaoe for 

J^c^Solutioa for the Surface that Produces Constant Fraget Density 

^ces'^fra^Tdi^M^^^ 
the target area T*.    ^1^1 apSS^L^it tf radiatiaS «P» 
formally solve the nonlineafdiJIe^tial E^t!^0^"^^ be t0 

a constant.    This equation of coursfis saSSitTbi th    ^^ K *' 
constant.    There should, hcever. be6 ^lÄ^Ä * ' 

*      See Appendix A 

8 

f 
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«suit in a curved surface, the surface ^***"" ^Jf^ tll^l 
This can be obtained by solving the approximte Equation 26, treat- 
ing K as a constant, and keeping in mind the ^strictians imposed 
upL this equation*4.    The order of approximaticn of the solution 
o? Equation 26 can be obtained by *rt*K™^*%dZ IJZ* 
in Elation 18. thus obtaining the exact density of the f^f * 
SstSbution p^duced by this surface.    Equation 26 can be written 

Z a2 p dp . x (1 / p2)l/2 (29) 
* Hx 

idler e •s 
Transfcrming        ka2 I (1 / P^ 

2Ä J 

ri/2 (2pdp) 

^ 

r Jxdx 

Upon integrating      ka2    (1 / p2) 

(30) 

(31) 

•-- 

li^. Now consider the boundary condition 

P) Then ' 

x r 

C > ka 

Substituting for C in Equation Jl gives 

ka2    (1/^)1/2       zftfr2 

(32) 

(33) 

2 
Squaring the above equation on both sides and solving for p, 
there results                      2 2^2)2^ 

—- TT"                                 '   (3U) 
l^a^ 

Simplifying and solving for p gives 

P = - (£ / 2)1/2     x (55) 

** It is of interest to note that the  solution y s constant no 
longer satisfies this  equation. 
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!^e ?* ?e6ativ* si^ ia ühos<« ^tside the radical to oonfom 
with -ehe chosen coordinate system and 

Ska2 B A. 

remembering that p e dy/cte. Equation 35 becomes 

J 15 A. 
Upon integrating      y = -A,     (x2 / 2)3/2 / cl 

3        3f 

15.    Consider, noir, the boundary condition 

y) r    o    T*iere ^ is now considered©. 

= "A,     8 / Cj 

•p Cj = 0 / A,  8 
7 

(36) 

(37) 

(38) 

(39) 

Substituting Cj i'rom Equation 2jl into Equation 39 leads to «1« 
desired surfaoi  (Equation 1,0), ^hich ^ili pr^u« a c^s^nWensitv 
of fragmait«,  subjected to the assumptions made in p^r^ tT. 

y   =   -A,    ((^ / 2)3/2-23/2)   (S9eFig3)        (1(0) 

where 

and 

A,  a *[ SkW2 

q = a & / 2)1/2 x 
AT A, (U) 

16. If for practical construction reasons (for examcla to 
allo.r «.Pace for a fu2e ^11), a diameter (d) at the aSfof tte 
surface must be inoperative    it TOuld be deairabS to uje the 

or^r^ ol/^tZ l^/L*** SOlVine f0r ^e -nsta^t'c    in order to out down on the dead space on the target surface.     1 

10 
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Using this boundary condition in conjunction with Equation Jl, there 
results _    0 

Consequently   A? (1 / P^)1/2 z *?/*£-02 

and P2    - (X2 /l   ..D2N2
-1 

m 
ih3) 

or y e H' (^/l-02 )2 -1 
4? ] 

1/2 dr. (44) 

Equation 111; is  the solution in integral form for this  particular 
case'.    Given constants D and A, üie desired surface is easily 
obtained by numerical integration. 

Fragment Distribution for a Spherical llssile 

1?.    The equation for a circle in polar coordinates is 

y s cos c 

x e  sin £ 0+5) 

•where r is a constant.    When revolved about a diameter a spherical 
surface is generated, 

dy". 
It follows that y1 ;    '35'   s    sin 6    m    tan © 

dx "cos Ö 
"35 

and 
dy1 

y11 =   2E= *'seo2e ■ "sec3e 
dx r cos © r 

(hi) 

Substituting the values for x,  y*-t and yt •  in Equation 26,  there 
results 

K r>*rrg        oos3 © (48) 
11 

« 
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Letting ^4 = fi* 

then K    s  /^cos^ö 

and expressed as a diracnsionless  ratio 

coc^e       (see Fig 1+) 

General Solution for Axis  Irclinerl to Target Surface 

5 

(li9) 

(50) 

18.    The solution ohteirod in paragraphs 8 to 11  is restricted 
in that the axis of the missile nust bo  perpendicular to the target 
surface.     Obviously, this is not alv/ays the case, and it becomes  of 
interest to find out hotr the fragment distribution varies vihen the 
missile axis is  inclined to the target  surface. 

^9 

12 
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19,    Consider Figur« 2.    The plane  (eo««!)  is perpendicular to 
line (oo1)»     It is desired to find the fragment density distri"butio.n 
on plane (go»d) •which is inclined to line (00« )•     The density K on 
plane (eo'd) at any point b is given by Equation 18, or by Equation 
26 if the simplified solution is justified.    The fragment density 
normal to R at point a is therefore 

a        cos^ 

However,  (ob) can be expressed as 

fef2" 

and  (oa) as 

(ob)    »        a 
cos 8 

(oa)    =    a sin §-/eC, 

(51) 

(52) 

rf cosx 
sin (TT  - e -oc) cos (e /oc)     (53) 

1^      can therefore be expressed as 
a 

Kn    =    K cos2     (e /oC) 

cos^öoos  eC 

and the fragment density on  ülane  (go'd) at point a as 

K    c K>co83(« /pC) 
a       

oos^cosoC 

(3k) 

(55) 

It is more convenient to express the angle O^» as a function of tf  , 
the angle the missile axis  (00*) makes with the normal to the 
target surface (go'd), andÄ   the angle between planes  (ogo«) and 
(oao1).    This can be done as follows 

But 

and 

sin <^ s bh 
"Be- 

be • a tan 6 cosß 

bh 2 a tan 6 sinöC 

(56) 

(57) 

(58) 

15 
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Consequently sinöC  •    sin 0 ooafi (59) 

trihaliln Sf^r J0 locate
/*

he Position of our nOT ft-agment dis- 
wiS. ? if?3 ^ terniS 0f (0,b) ""^ al80 be determinedV   From Figure 2,  it is observed that« 

sin  (ffTS -Öd) 
"2 

or (o'a)      = 
0O8   8 

(o'b) 
oos   {€>    /öC j 

(60) 

(61) 

by'l^tiig'co^r.^ e9neral  80lUti0n ^ Pftra«rai41- 8 to "'   80 

there results n' r  poos 6 
1        5os (d/oc) 

(62) 

1^2 f?        J^aity «id location can be determined on the inclined 
^fS^if18 ?y Vine E<luatiQa« 55.  59. and 62.  as long as the 
distribution is known on the plane normal to the missile axis. 

the lS^hSS0L^Vtri^g velooity of a fragment is a function of 
2L o?%  4-      5th *faveled'  the leneth of the new fragment path is also of interest.    It can be expressed as e i~        s 

(oa)    s a oosOC 
"37B (4 /oc ) 

hcos£C^) 

cos ^cos(ö y*t) 

The length of the fragment path divided by the length of the path 
to the normal target plane is therefore 

oa)      g      cos g oostfC 
^T cos (d / O (6U) 

rffMf L- RSJtr" 2'  59.' Mld ^ ""^ be "8ed to determine the 

Ka a   K cos?  (« /gQ 
oos^ ♦ OÜS   ^C 

sino(,r    aixijooafi 

n! * »icos « 
oos ^ec) 

T^iere for this particular problem K is a constant. 

Hi 
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23,    jor a given emgle ^| Ka/   and rj'/fj could be plotted as 

functions of ö for -various angles Ä •    If desired, a set of tables 
or graphs could be drawn up in -oils manner.     It would then be a rather 
simple process to compute the lethal area as a function of the angle 
of inclination. 

Inolosuresi 
1-2    Figures 3 and h 
5-7   Appendices A,  B, and C 

(Appendix B contains 
Tables 1 and 2) 
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APFEKDIX A 

SURFACE THAT rRODDCES OPTIMUM LETHAL ABEA UNDER CERTAIN ASSUMPTIOIIS 
(This problem was solved by Mr. H. K. Weiss*) 

l  . 

i. - , 

i 

The assumpticane stated in the "Introduction" are assumed to hold, 
anc? in addition the axis  of the missile is  considered perpendisular 
to the target  surface.    The expected number of hits on a target can 
be expressed as: 

Eh    B    % 

where 

r2 

B    fragments per unit «urea per unit distance 
from the burst point,  at angle © 

(la) 

r - distance the fragments travel to -the target 

A©  e exposed area of the target 

The expected number of disabling hits is 

Ek = Eh phk (2a ) 

whore Phk is the canditicnal probability that a hit will disable the 
target.     This is usually a function of the mass, velocity,  and the 
presented area of a fragment.    For mathematical simplicity, Pjjc will 

be treated as a constant»    This means that all -äie fragments are 
considered to have the same disabling potential. 

By using the Poisson approximation, the probability of disabling 
the target is 

(5a) 

The number of disabled targets is I j L^^k d:xdyj ""kere Cfis the 

number of targets per unit area.  If O" is considered constant, it 
can be brought outside the integral. The Integral term is then 
defined as the lethal area (A^). 

99   0O 
AL ■ J" J pk tody (1*0 

Weiss, H. K.fi    ope  oit, 

-•o r«o 
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If the lethal area is multiplied by the  density of the targets,  there- 
fore, the number of targets disabled will be obtained.    Equation U& can 
be expressed in polar coordinates as 

(5a) 

ivnere 

AL » 2f»-a2 J    (l-e"Bk)  sin Ö seo3 «de 

a    ■    height of burst 
©    -    angle between missil« axis and fragment path 

It is oonvenient at this point to make the following change of 
variables 

and dW    a —sin © d 9 

Equation 5a- becomes 

Furthermore 

However 

Therefore 

AL = -2na2  f (l-e "■Ek)    W-3 dw 

iicsShPhk   =  M(e) A   (e)   P^ 

-    a/cos 6 a    aw .-1 

Bv    r    M(e) A («) Tl2 Phk 

(6a) 

(7a) 

(8a) 

. 

If it is also considered that the exposed area varies as the oos Ö, 
as would a flat target, IQ    can be expressed as 

Hence 

and     AL = -2TTa' 

Ag r A oos 6 a AW 

Ek = JV AW? Phk 
—a«— 

J d-"-? 
-i^AW^  P hk ) -w"* dw 

(9a) 

(10a) 

(11») 

A snail increment of area at some position (W), over a band width 
(<$ W) is 

^     PhV5<5w(l2a) ( d AL)    Z    -2Tra2    (l-e 

19 
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If M is now increased at the point (W), over the band width (tfW) 
the increase in («/AL), is 

r -JM1"^    Phv 

1< (:.» 

but  since the total number of fragments must not increase,rf" 
M must be subtracted at some other point    (Tg)»    ^ "that point 

<f(crAL) ■[ 2frA    Phk    e 
-l^r AW3    P-hj^wrfM      (lija) 

The necessary condition for ly to be the surface that produces 
maximum lethal area is 

6{6Ki)x      -<J(^AL)2    r    0 (15a) 

Therefore SIVA    Phke 
-V^5    Phk 

r    C 

or 

or 

Let 

Then 

iV»??, .-     =    Ln 
hk    " 

«V.[ 

[^ 
a2      Ln      ( 2 -n- /V P,,    )!    IT^ 

ATT-  ^L hk ■] 

constant    (16a) 

(17a) 

(18a) 

A P, 
Ln  (2 "H-A Phk)    ■    A 

hk 

M^   e   A'ir3 (19a) 

or -   A«    seo3 « (20a) 

. 
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L -   , 

Consider now the ivent-Hitohcock contour 
requirements that K - constant -where 

or 

But 

Therefore 

K    -    lh sin «de 

f) =    a tan Ö 

do r    a SöC    6 d © 

K      ■ Mfl    sin Q d © 

„2 tan € sec2 öd« 

It fulfilled the 

(21a) 

(22a 

(23a) 

or Me can he expressed as 

Mg ■ Ka2 sec3 © (2l4a) 

Equation 2lpa has the form of Equation 20a.    Therefore,  the Kent- 
Eitchcock contour is the contour that produces optinum lethal area 
under the restrictions of this particular  prohlem. 

21 
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APPENDIX B 

APPLICATIOK CF ANALYSIS TO M AERIAL EXPLODIKG BODY 

Problem 

To find the proper surface contour of an aerial exploding 
"body that will produce a fragment distribution of constant density- 
over the target surface T under the following restrictions: 

1. Height (h) of the exploding body above target = 20 ft 

2. Desired density of the fragment distribution (k) over the 
target T e 1*67 fragments/ft2 

5. Desired diameter (D) of target r ij.0 ft 

li.    Fragment weight r 2.5 grains 

5. 
o 

Surface area of fragnsnt A^. e «01175 i*1 

Fragment distribution (^t) on body surfaoe - 

1 
.01175 

r    85.106 fragments/in2 

The surface which satisfies th-s problem is that of Equation i;0. 
For  simplicity, however,   let    a ; h    and therefore   A « O« 
Equation l+O would then reduce to 

y   =   -A  [(x2 / 2)5/2   -   (2)5/2] (lb) 

In order to establish the boundary of the body in the x direohion, 
em additional equation concerning the surfaoe area of the body is 
needed. This is expressed mathenatically as 

As = 2]     n(l / (y1)2)^ xdx 

where from Equation 33 i* c6Xi be shown that 

d/Cy1)2)172   =   (**/!) 
IT 

(2b) 

(3b) 

22 

H 
CONFIDENTIAL 

••.;    ^.K*. ^,.-.,ä-"Ti,%.,   ,   ■■• .- mi f '• v, if—-vJHlif* 



CONFIDENTIAL 

s 

Equation 2b can therefore be expressed as 

A3 a 2 JXo  (x? / x)    cbc 
o IP 

upon integrating As s (xtA / xo2) 

2A 

ihh) 

(5b) 

Equation Jb  can be expressed as 

I  . 
xo^ / 2A2 xo2    -    2A2As    =    0 

A2    r    2ka2    »   2(1.67)(20)2    s 15.698 in2 

yr- tis.iob— 
•where 

and in this particular problem 

(6b) 

As   = fl-D2   • fcAf = ihof . (I.67)(.01175) * 2h»<>5& in2 

Substituting these values in Equation 6b and  solving for x0 
by using the quadratic formula,  it is found that 

Xo    S   2.550 in. 

By substitution of the value of A in Equation UO,  the desired surface 
becomes 

ym    -I.3206   [(.06370X2 /2)5/2    -2.8281*] (7b) 

from vhic y1    = ..25237 x (.O637OX2 / 2)1/2 (8b) 

and yll - -.01608 x2  (.06570X2 / 2)-1/2 -.25237  (.O637OX2 

/2)1/2 (9b) 

In order to find the exact doisity of fragment distribution 
on the target surface produced by Equation 7b, it is  only necessary 
to substitute the above expressions  in Equation 18.    The results of 

23 
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I: this substitution are presented in Table 1.     It  can be seen that    he 
density of the fragment distribution is approximately 2% to 1$ below 
the desired density of the fragment distribution.    It is also seen 
that the target area is 3% larger than specified.    This  result sug- 
gests that the derived surface equation  (lb)  can be corrected 
to give improved results«    It  is proposed that the density of the 
fragment  distribution bo increased 3% by specifying that K1 s 1.03K 

Then       A2    =   2  (1.0? ka^    a    (1.05)(15.698) •    16.169 

A    r     ii.021 

Hence, the corrected equation for y becomes 

y «-1.34Ö30  (.06185X2 / 2)3/2 _ 2.8284 

and      yl = -.2ijS69x (.06185X2 / 2)1/2 

y11 r -.015583c2 (.06185x2 / 2)-l/2 -.2^69 

(.06185x2 / 2)^2 

(10b) 

(lib) 

(12b) 

Table 2 gives the improved results. The density of the frag- 
ment distribution now varies from / l/2^ to - 1%, vihile the target 
area is in error by less than l/2% 

2k 

mm CONFIDENTIAL 

.-...- * l* ■■*■■*., ■■■- .i«!» ■si-1 ., jlM-'-SC   ^-■''«■■V.-V" iff 

, 



CONF/DENTIAL 

APPENDIX C 

I  . 

commsoN OF A SHIEHE AIID Tm mr^^coog coi^om F0R LErHAL ^ 

tarSet radiua arSSalrSet^^t":) "^ ^^ ^^ the 

The distribution of fracments from a sphere is 

K8      =     K0   COs3  « (1c) 

r— POINT OF e^uRar 

Fig 5 

The number of fragments  over the target surface  of radius L is 

«L 
J-s •J r    S^KQ I     cos3 e rdr    » Sff rdr (2c) 

N kh    =    "idi •<TI'C 
(3c) 
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To make a comparison of lethal area, Nj^ is assumed to be equal 
to N .    By equating these two expressions, it is found that 

KQ    =      K^ =    1.706Kkh cno) 

(2-^80 

Lethal area can be expressed as  (Equation 6a) 

^    r-S-n-aSJ    (l-e"Ek)Tr3dw (5o) 

•where Ek   e   Z k^ Phk (6c) 

Consider the Ag = A cos « a AW.    The lethal area for a  sphere is 

Aw     =    2^A2J (l-e-1-?^ AKj^Phk^^^ (7o) 

since K    -    K0Tr5    -    l.TOOEkhfr5 

idiere AKj^ Phk    s    constant 

The  lethal area for -üie Kent-Hitchcock contour can be  expressed as 

l s 2lTa2 \ (l-e-AKkhPhk^) Tr3dT 
'  KH J 

(8c) 

Assume AK^P^    r 2.5    (This is a fair value for a sample problem) 

Then 

2xra.c I. 
AL =   f (l-e -2«5^) ir3d. 

(9o) 

(10c) 

2<*ac 'j{h 

. 

.■1^-«i,:--.*l^«..^_A:Wv . 
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Further assuming that the  limit of the target area corresponds 
to © e k50

t    then the limits on the ahova integration are 1 to «707 
since W - cos Ö.     Carrying out the above integration numerically, 
thore results 

AL/lch      B    1•l66 (He) 

V« 
That is,  the Kent-Hitchcock contour gives a lethal area that is 
l6»6fo greater than a sphere, assuming that hoth surfaces contain the 
same number  of fragments. 
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